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Introduction: 
The 1980 eruption of Mount St. Helens (MSH) proved a dramatic event with many important socio-economic 
consequences. In addition, this eruption resulted in an array of ecological consequences with subsequent 
studies and profound theoretical ramifications1,2. The eruption created a complex gradient in disturbance 
severity on the northern aspect of MSH3, promoting successional processes from varying starting points and 
change rates4,5. This study uses a landscape-scale approach to quantify spatio-temporal trends in vegetative 
responses to the eruption from 2000-2015, relying on Landsat TM and ETM+ imagery focusing on the primary 
and (i.e. no biological legacies) secondary (i.e. with biological legacies) succession zones that were studied 15 
years ago1,3
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Limitations:
Accuracy assessments for all images (compared to 1m NAIP
imagery) fell between 60 and 70%. This results from: using 30m
Landsat data and the floating logs on Spirit Lake move around the
lake year to year (see fig. 2 and 3), changing the shape of the lake.
This also effects the NDVI results. To remedy this, all pixels beyond
the 1st standard deviation were included instead of stricter limits,
thus diluting the effect these data have on the larger population.
Methods:
The study area is bounded by the crater to the south, Spirit Lake to the East, the Toutle River Valley to the west, 
and to the north the boundary where tephra fall zone begins (i.e. least damage across the gradient)3,6,7 (Fig. 1).  
Q1: To capture long-term vegetation growth, Normalized Difference Vegetation Index (NDVI) values were 
extracted and subtracted between the 2015 and 2000 scenes, using only changes (pixels) that displayed growth 
greater than one standard deviation (in relation to all pixels within the scene).  
Q2: Using a 4-5-3 band combination, a maximum-likelihood supervised classification categorized scenes from 
2000, 2005, 2010, and 2015 into five classes: Water, Snow/Ice, Bare Rock (no soil or vegetation), Soil/Shrubs 
(open, park-like spaces), and Forest. Pixel counts for each scene (year) were tallied to quantify rates of change. 
Q3: As a preliminary assessment, an overlay analysis was conducted to examine the proportion of observed 
vegetation growth given the expected area available for growth across elevation, slope, and aspect gradients 
(from a 10m DEM) in 2000 and in 2015. 
Discussion:
Q1: Fig. 4 shows significant growth near water sources which could
prove to be an important factor for succession on MSH. Additionally,
Fig. 4 also demonstrates that ridgelines are rarely a source of rapid
development, which considering the harsher variables
(e.g. wind, steep slopes), is intuitive.
Q2: Fig. 5 shows the rates of change in square kilometers over 15 years for bare rock (net decrease of 17.49km2), soil/shrub
(net decrease of 2.08km2), and forest (net increase of 18.81km2). Snow/ice and water were excluded as they remained
constant and insignificant. These results are expected as succession occurs on MSH; however, soil/shrub’s net loss is
surprising as it represents early successional stages. 2005 also showed interesting results with significant changes occurring
with the forest and soil/shrub classes. More investigation is needed to determine underlying causes of these
uncharacteristic spikes.
Q3: Fig. 6 (left) examines the relationship between the elevation, slope, and aspect and the significant growth pixels.
Interestingly, the highest growth occurred between 700m and 1,250m in elevation, with comparatively little growth outside
that range. This ran counter to the total number of pixels in each class (Where the 1,250m-1,500m and 1,500m-1,750m
classes had significantly more pixels than other classes). Additionally, a strong negative correlation exists between
increasing slope and decreasing growth, supporting results from Q1. Finally, no relationship between aspect and growth
appears to exist.
Next Steps:
This preliminary study reinforced ideas that vegetation distribution is changing. This landscape-scale analysis allowed for
patterns to be identified for further scrutiny. From here, including more physical characteristics (e.g. distance to water
sources etc.) as well as biotic factors (biological legacies) to better understand links between succession and the landscape.
Additionally, specializing this approach to the different “zones” within the disturbance gradient would be beneficial. Finally,
a regressional approach to model these characteristics could reveal more information about the relationship between
these varying factors.
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Research Questions: 
1) Which areas surrounding MSH have experienced rapid establishment or growth?
2) Have the rates of establishment and growth changed throughout the fifteen-year timeframe?
3) Which biophysical factors best predict establishment and growth rates?
Data Source Extra Information
2000 Scene USGS Earth Explorer Landsat TM - August 16th, 2000 - 18:33 – 30m resolution
2005 Scene USGS Earth Explorer Landsat TM - August 14th, 2005 - 18:44 – 30m resolution
2010 Scene USGS Earth Explorer Landsat TM - September 29th, 2010 - 18:46 – 30m resolution
2015 Scene USGS Earth Explorer Landsat ETM+ - October 5th, 2015 - 14:43 – 30m resolution
Digital Elevation Model USGS National Elevation Dataset 1/3 arc-second resolution (approximately 10 meters)
Table 1: All images shown are in WGS 1984 UTM Zone 10N projection
Fig. 2: NDVI images from 2000 and 2015.
Fig. 1: The white box defines the study area 
Fig. 3: Classified images from 2000 and 2010; similar images were made for 2005 and 2015
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Fig. 4: The pixels with significant growth overlaid on 
the 2015 scene 
Fig. 5: Rate of change for the three classes of interest over the 
study’s fifteen-year time frame
Fig. 6: The result of the overlay analysis. The blue bars represent pixels that exhibited 
growth between 1 and 2 standard deviations. Red represents those pixels with growth 
beyond 2 standard deviations. 
Preliminary Results:
Q1: Significant growth occurred near water sources like Spirit Lake, 
Coldwater Lake, Castle Lake and the Toutle River and was missing 
near ridge lines and other steep slopes as shown in the 2015 scene in 
Fig. 4.
Q2: Significant growth occurred within the forest class, but decreased 
in both the soil/shrub and bare rock classes. 
Q3: Both elevation and slope appear to have a relationship with 
establishment and growth while aspect show no relationship.  
